The Czech Republic reported one of the highest incidence rate in cutaneous melanoma (CM) in Europe and because this incidence has been increasing, mainly among young people, the main goal of our study was to establish sun exposure behavior risk factors for CM formation and to evaluate whether the young generation of Czechs is exposed to a higher risk of CM than the older generation. A questionnaire-based case-control study was conducted. We obtained 978 completed questionnaires: 216 from patients with CM and 762 from healthy respondents. The healthy individuals were further divided to adolescents (n = 460) and older respondents (n = 302). Three logistic regression models were developed: 1. patients with CM vs. healthy older respondents, 2. adolescents vs. healthy older respondents, and 3. patients with CM vs. adolescents. The main risk factors for all three models were the number of sunburn episodes and the use of the sunscreen in the childhood. The most alarming results for adolescents included: all day sun exposure, including times of maximum risk (11 AM to 3 PM), inadequate use of sunscreen in adulthood, and frequent mountain holidays. Our results show that sun-safety in the young generation is satisfactory, when the responsibility for sun exposure behavior is in the hands of their parents; however, when children become adolescents, they become immune to sun-safety and risk prevention campaigns and their behavior becomes much more risky. Our results further suggest the sun-safety campaigns need to be modified in such a way as to have greater impact and influence on adolescent sun-risk behaviors.
Since the 1970s a significant increase in the incidence of cutaneous melanoma (CM) has been observed world-wide [1] ; this is no less true in the Czech Republic, which surprisingly has one of the highest rates in Europe [2, 3] .
Numerous epidemiological studies have identified genetics, the physical environment, socio-economic conditions [4, 5] , and patterns of sun exposure behavior as risk factors for melanoma. The ultraviolet component of sun exposure has been demonstrated as the major environmental factor for skin cancers [6] . The risk of CM is associated with the whole-of-life dose of sun exposure as well as with intermittent severe sunburn episodes, particularly during childhood [7, 8] . Risks are also elevated with high levels of childhood and adolescence sun exposure despite avoidance of sunburn [9, 10] and with adult exposure particularly where individuals with unacclimatised skin (e.g. office workers) enjoy outdoor hobbies and regular holidays at the seaside or in the mountains [11, 12] .
The Czech Republic, based on the incidence of cutaneous melanoma from 2008 (latest published data, IHIS 2011), has one of the highest rates of CM in Europe and constitutes an exception relative to other Central European countries. In 2008 the reported crude annual incidence of cutaneous melanoma in the Czech Republic was 19.6 per 100,000 inhabitants for men and 16.5 per 100,000 inhabitants for women. The agestandardized incidence rate per 100,000 European standard population was 17.7 for men and 13.0 for women. In addition, incidence rates are now steeply increasing in younger age categories, with women between 25 -29 years being the most vulnerable. Moreover, the Czech Republic shows very high yearly increments of erythemal UV radiation, measured at the Earth's surface [13] ; however these increases cannot explain the upsurge in malignant melanoma. One of the most striking features of the CM epidemic is its association with changing sun-risk behaviors. The main goal of our study was to evaluate the impact of sun exposure behavior factors on CM occurrence, and to evaluate whether the young generation is exposed to higher risks of disease than the older generation.
A questionnaire-based investigation of sun exposure behavior was conducted by examining 216 patients with CM (Group = MELANOMA) and 762 healthy controls. Healthy respondents were further divided according to age; those 20 and older (Group = OLD, N = 302) and those younger than 20 years (Group = YOUNG, N = 460).
Patients and methods
Patients and Questionnaire. The study questionnaire was prepared by specialists from the Dermatovenerological Clinic of the Královské Vinohrady University Hospital and of the 3 rd Faculty of Medicine, Charles University, Prague, Czech Republic. The questionnaire included 19 questions about age, gender, phototype, family and respondent's history of malignant melanoma, presence of numerous melanotic nevi, sunbathing behavior during childhood and adulthood and solarium visits. Sunbathing during childhood included number of sunburns episodes and use of sunscreen. Sunbathing during adulthood (older than 18 years in young respondents) included sunbathing frequency, how much time the skin had been exposed to the sun, activities during which sunbathing takes place, the number and regularity of summer and winter holidays at the seaside and in the mountains, use of sunscreens and the number of sunscreen applications during sunbathing. The data collection itself was done over 7 months, from January to July 2010. We received 978 completed questionnaires. The first group included 216 (average age 53.57 ± 14.75) questionnaires from those with diagnosed CM, at the Dermatovenerological Clinic of the Královské Vinohrady University Hospital. The second group included 762 completed questionnaires from participants without diagnosed CM. These healthy individuals were further divided to a group of young persons, which were randomly selected from first-year students at the 3 rd Faculty of Medicine, Charles University, Prague and from the Faculty of Biomedical Engineering, Czech Technical University, Prague (N = 460; average age 19.87 ± 1.16) and a group of older participants (N = 302; average age 51.07 ± 10.11), which were recruited as control subjects after responding to a notice posted in the medical faculties and faculty hospitals of Charles University, Prague. These volunteers were eligible to participate in the study if they did not have an active malignant melanoma during the time of the study and if they reported to be of Caucasian ethnicity. The selection was conducted in a manner to achieve a similar age distribution in this group of respondents as in the group of oncological patients. Written informed consent was obtained from all patients and healthy participants, and the study was approved by the local ethics committee of the 3 rd Medical Faculty, Charles University, Prague. Exact questions and the answers for all respondent groups are summarized in Table 1 .
Statistical Analysis. The results are presented using descriptive statistics: frequencies and percentages; and Pearson's chi-square test was used to examine the association between category variables. In order to evaluate the effect of individual sun exposure risk factors on CM formation, in the first part of our study a multivariate logistic regression model for two respondent groups -patients with CM vs. ) ; use of sunscreens during childhood with categories: Never, Occasionally, Regularly; sunbathing in adulthood: -Never, A few days during summer, Throughout the whole summer; use of sunscreens in adulthood with categories: Never, Occasionally, Regularly (more than five applications during sunbathing); exposure to the sun: -Never, During outdoor hobbies (mainly gardening, going to the cottage during weekend), During active sunbathing; time duration of sun exposure: -Until 11 AM and after 3 PM, All day long; number of holidays at the seaside: -Never, Occasionally, Every summer; number of holidays in the mountains with categories: Never, Occasionally, Every winter, spring and summer; and number of solarium visits: -Never, less than 10 times per year and More than 10 times per year.
Using all predictive variables in the first model no statistically significant genetics and anamnestic factors were found (data not shown). Moreover, our young respondents were in the age category of less than twenty years old, where malignant melanoma are rare [14] and in our sample none reported malignant melanoma during the study or in their personal history. The main reason for a low incidence of CM in the younger age categories is the long latency of malignant melanomas [15, 16] . Thus the full manifestation of the influence of genetic and anamnestic factors was very unlikely in this age category as well as the influence of sun exposure behaviour patterns. We cannot affect the genetic and anamnestic factors; we can only influence sun exposure and sun protection behavior of the young generation. Many publications provide clear evidence that unsuitable sunbathing during childhood, no use of sunscreens, severe sunburn episodes in spite of sun exposure control in later life and solarium visits play an important [17] of cases being attributed to sun exposure. In addition, many publications indicate that the young generation is the most resistant to all preventive campaigns [18] [19] [20] . Therefore genetic and anamnestic factors were excluded from the statistical analysis and the three identical logistic regression models -patients with CM vs. older healthy individuals, adolescents vs. older healthy individuals and patients with CM vs. adolescents -were built. The following candidate predictors were used: more than 50 freckles and/or melanocytic nevi; sunburns during childhood; use of sunscreens during childhood; sunbathing in adulthood; use of sunscreens in adulthood; sun exposure; time duration of sun exposure; number of holidays at the seaside; number of holidays in the mountains and number of solarium visits.
Using the last two constructed logistic regression models we were able to assess whether sun exposure behavior of the young generation had not become more risky compared to both older generations.
The results are presented as odds ratios (ORs) together with their 95% confidence intervals (CIs).
The statistical programs STATISTICA version 9 from StatSoft, Inc. and SPSS 18 from SPSS, Inc. were used for the statistical analysis. All results with a probability p < 0.05 were considered to be statistically significant.
Results
Descriptive Statistics. The answers (frequency and percentage representations) to all questions from all respondent groups are summarized in Table 1 . A graphical presentation of percentages of answers is presented in Figs. 1a -1i .
Using Table 1 and Figs. 1a to 1i it is possible to evaluate changes in the behavior of the young generation compared to both older groups. Some results confirm the responsible behavior of the young generation, while other results are alarming and indicate an increased risk of malignant melanoma.
Satisfactory results include sun protection while sunbathing during childhood: no sunburns during childhood occurred in 62.61% of young respondents, this value was 33.11% in older healthy individuals (p < 0.0001), and only 8.33% in oncological patients (p < 0.0001); sunscreens were used regularly during childhood by 50.43% of young people compared to 11.92% of older ones (p < 0.0001) and only 6.48% of CM patients (p < 0.0001). Other satisfactory results, in which similar behaviors, among the young as well as healthy older respondents could be observed, were as follows: sunbathing in adulthood, number of holidays at the seaside, and number of solarium visits (although a slightly rising trend can be observed in this pattern).
The most alarming results include: duration of sun exposure -observed behavior of the young generation is even worse than that observed for oncological patients -up to 70.43% of young people (66.67% in oncological patients (p = 0.2824); 31.79% in healthy older respondents (p < 0.0001)) stayed out all day long while sunbathing, which included the period of maximum risk (11 AM to 3 PM); the use of sunscreens in adulthood -the ratio of those who used sunscreen occasionally vs. regularly reached its worst value for the young generation (66.09% vs. 28.26%); this ratio is almost opposite for older healthy respondents (27.15% vs. 62.91%; p < 0.0001), and in patients with CM the ratio is (56.48% vs. 27.78%; p = 0.0131); number of holidays in the mountains also represent an alarming factor -50.87% of young respondents had regular mountain holidays each winter, spring and summer vs. 20.53% of older healthy respondents (p < 0.0001) and 31.48% of patients with CM (p < 0.0001).
Logistic Regression. Based on the answers of our respondents, three logistic regression models were constructed: 1. MELANOMA vs. OLD -patients with CM vs. older healthy respondents 2. YOUNG vs. OLD -older healthy respondents vs. healthy adolescents 3. MELANOMA vs. YOUNG -patients with CM vs. healthy adolescents The basic logistic regression characteristics of all three models, which are summarized in Table 2 , show that all three models are statistically significant and interpolate data adequately. The classification ability of all three models is very good -76.2% (MELANOMA vs. OLD), 83.0% (YOUNG vs. OLD) and 91.2% (MELANOMA vs. YOUNG) and the discrimination power measured using ROC analysis was good [21] for the model MELANOMA vs. OLD (area under the ROC curve AUC 0.856) and very good for the models YOUNG vs. OLD (AUC 0.920) and MELANOMA vs. YOUNG (AUC 0.953). Statistically significant regression coefficients for all three models are presented in Tables 3, 4 and 5. MELANOMA vs. YOUNG (Table 5) . Much better sun exposure behavior among young people versus oncological patients was observed in early childhood: Sunburns during childhood: more than 10 times vs. never (OR 343.86; CI 38.24-3091.74) and occasionally vs. never (OR 39.37; CI 9.22-168.06) and in the Use of sunscreen during childhood: never vs. occasionally (OR = 54.62; 95% CI = 13.97-213.63) and occasionally vs. regularly (OR 4.17 = 1/0.240; 95% CI = 0.078-0.74). The last statistically significant difference was associated with the answer to the question regarding Sun exposure: during outdoor hobbies vs. during active sunbathing (OR 6.99 = 1/0.143; CI = 0.03-0.71). Since all young respondents are still students, evaluating the degree of riskiness of this behavior pattern is very difficult.
Interpretation of Regression Coefficients.

MELANOMA vs. OLD (
indicates the improvement in fit of the model with predictors over the baseline model (0 -0.1 -poor improvement, 0.1 -0.3 modest improvement 0.3 -0.5 moderate and more than 0.5 strong improvement) † AUC (Area under the ROC curve) is a measure of the accuracy of the model, which depends on how well the model separates the groups being tested † † Sensitivity is the power to identify positives † † † Specificity is the power to identify negatives
Discussion
The first model of our study, in which sun exposure behavior was compared between elderly healthy people and oncological patients, confirmed many risk factors which had been previously described in numerous publications. These risk factors included frequent episodes of sunburn and underuse of sunscreen during childhood [22] [23] [24] [25] . Extensive sun exposure during childhood plays an important role in rapid nevi development, particularly in areas of intensive sun exposure [26, 27] . Given that the risk factors for melanoma and higher nevus counts are the same (fair-skinned phototype, greater UV exposure, higher frequency and severity of sunburns), the association between the presence of numerous nevi and sun protection habits during childhood had been expected, and was confirmed in our cohort of patients. A strong positive association between higher nevus counts and sunburn episodes (results of the Pearson's χ 2 test: never vs. occasionally p < 0.0001, never vs. frequent p < 0.0001 and occasionally vs. frequent p = 0.0152) and a negative as- sociation between higher nevus counts and the regularity of sunscreen use during childhood (never vs. occasionally p = 0.0002 and never vs. regularly p = 0.0118) were found. Within the cohort of our respondents, those who worked indoors and took part in outdoor hobbies were more likely to develop CM than those who were exposed to sun radiation during active sunbathing. This is likely due to one of the typical Czech lifestyles, i.e. gardening or "going to the cottage," in combination with inadequate sun protection, during which unplanned sun-tanning occurs, with the longest and most frequent exposure during the strong midday sun (11 AM -3 PM). Similar results have been found by other authors [28, 29] . Additional important risk factors include sunbathing during times associated with the greatest UV risk (11 AM -3 PM), complete or inadequate sunscreen use during adulthood, as well as regular holidays in the mountains during the winter, spring and summer. These results agree with the observations of Koster et al. and Moehrle [30, 31] .
By using the next two models, in which the sun exposure and sun protection habits of adolescents were compared to those of healthy, older respondents and oncological patients, both responsible and alarming sun exposure behavior patterns in the younger generation were discovered. The most responsible sun protection habits indicated a very low percentage occurrence of frequent sunburn episodes and a very low percentage of never having used sunscreen during childhood (ages 0 -12). However, these two factors were particularly affected by the behaviour and responsibility of parents or caretakers. By contrast, when parents lose their influence over children during adolescence and beyond (age > 18), the level of responsible behavior in young people significantly declines relative to personal health and, in some aspects, is even worse than the sun-related behavior observed in oncological patients. These irresponsible behaviors include: remaining in the sun all day, including those times posing the greatest UV risk (11 AM to 3 PM) and incomplete or inadequate use of sunscreen when sunbathing during adulthood -most young people use sunscreen only occasionally, instead of applying it regularly. Also alarming was the fact that young people spend time in the mountains much more often than that seen in oncological patients, and are thereby considerably increase the risk of CM formation at older ages (extreme UV exposure in outdoor sports such as skiing and mountaineering is amplified by reflection from snow and ice-covered surfaces [31] ). A plausible explanation for these alarming results is the social and economic changes associated with the lifestyle changes involved in the adoption of increased risk behaviour patterns [32, 33] , which is occurring earliest in younger individuals [34] . All of these facts have been confirmed by numerous studies which suggest that the younger generation is the most endangered population group, while at the same time, being the most resistant to preventive campaigns [18] [19] [20] .
Many studies concerning the prevention of skin cancers, including malignant cutaneous melanoma and sun protection, have confirmed our results. They reported that, while children have positive sun protective behavior [35, 36] , which is largely influenced by their parents and school policies (in the most endangered locations, e.g. Australia, the USA and the United Kingdom), adolescents have the lowest skin protection rates among all age groups, despite a high level of knowledge regarding the potential danger and harm of sun overexposure [37] . In a study by Lupton and Gaffney, adolescents stated that they deliberately used sunscreen with a low protection factor (SPF) and also delayed sunscreen application in order to get a tan [38] . Additionally, at the time when parent influence is declining, peer group influence is increasing. Adolescent sun protective behaviors are significantly affected by the opinions and perceived social norms within their peer group [39] . Within adolescent groups, a tan is still perceived positively, and having one is still considered to be a sign of beauty and good health.
The above observations, as well as those from our own results, indicate a necessity to develop innovative strategies that will reinforce positive sun protective behavior in adolescents and successfully transfer this behavior into adulthood, at which time these young adolescents will become the caretakers and role models for their own children.
The level of attention being directed toward young people should be increased. This study will hopefully intensify pressure on the Czech health authorities to develop more effective, more assertive and more persuasive preventive campaigns for our adolescents. One important step in the prevention of malignant melanomas may be the introduction of preventive programs into primary and secondary schools in the Czech Republic, where education regarding responsible sun exposure and sun protective behavior is currently lacking or inadequate.
